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The administration of 2.28 mg./Kg./day of nicotine alkaloidlin the drinking water 
of rabbits fed a 0.1 % cholesterol diet significantly increased the plasma total cholfes- 
.. terol levels over those of control groups. Gholesterol/lipid phosphorus (C/P) 
ratios, which may be used as an indication of atherogenic susceptibility, were not 
raised to the same extent because of concomitant increases in lipid phosphorus. 
Significant differences in serum ascorbic acid, serum stability, bromsulfalein re¬ 
tention, aortic cholesterol content, and aortic plkques could not be demonstrated 
at terminal determinations possibly because of reduced group sizes. 
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'TpHE MEDICAL LITERATURE is replete with in- 
•*“ vestigations concerning the effects of nicotine 
on the cardiovascular system. Clinically it is 
generally conceded that nicotine should be 
avoided in vascular diseases suchi as thromboan¬ 
giitis obliterans (1), Raynaud’s syndrome (2), 
peripheral arteriosclerosis (3), and its use is in¬ 
advisable in the cardiac sensitivity known as to¬ 
bacco angina (4). These untoward effects of 
nicotine are probably related to the decreased 
peripheral blood flow produced by nicotine as 
demonstrated by skin temperature fall (5), ple- 
thysmographic studies (6), and visual observation 
of capillary blood flow (7)., 

While it is apparent that the vasoconstrictive 
effect of nicotine is d^terimental to most of the 
peripheral vascular diseases, it is difficult to re¬ 
late its action directly to atherosclerosis. It ap¬ 
pears to be more or less tacitly assumed that if 
nicotine is related to atherosclerosis this relation¬ 
ship is not causal in nature but that its action, at 
most^ only aggravates the already existing dis¬ 
ease. 

Thienes and Butt (8) treating both rats and 
rabbits with nicotine found an apparent lack 
of cardiovascular toxicity as a greater percentage 
of degenerative vascular changes occurred in the 
controls than in the experimental group. In a 
clinical study of 301 1 male diabetics, however, it 
was reported 53% of the smokers suffered from 
atherosclerosis as compared to 23% in the non- 
smokers (9)i Swiss investigators directed! atten¬ 
tion to the feet that only 6.7% of a large group of 
coronary patients were nonsmokers as compared 
to 25i5% of nonsmokers in a comparable control 
group (10). They further established that there 
were more heavy smokers among the athero- 
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sclerotic patients (45%) than the control (28.5%) 
and the heavier the smoking the younger the 
age of onset. In a study of 1,520 patients with 
angina pectoris and coronary thrombosis, Sigler 
(11) concluded that there was a direct correlation 
between the amount of smoking and both the 
early appearance of the first coronary occlusion 
and the occurrence of death due to this cause. 
Hammond and 1 Horn (12) in a follow-up study of 
190,000 men found that the death rate from coro¬ 
nary artery disease was altnost twice as high for 
men smoking one or more packs of cigarettes 
daily than for nonsmokers. 

As coronary artery disease is usually athero¬ 
sclerotic in nature it is difficult to account for the 
increased death rate on the basis of a vasocon¬ 
strictive action alone. In fact, smoking has been 
stated to be of no direct danger to the cardiac pa¬ 
tient through coronary vasoconstriction (13)!. 
Bargeron, etal. (14), observed that while smoking 
one cigarette produces an average increase of 
19% in coronary blood flow, myocardial oxygen 
consumption rises by about 27%* In rabbits, 
nicotine reduces the coronary blbod flow in 
atherosclerotic Langendbrff hearts (15). 

One possibility is that some of the circumstan¬ 
tial evidence for the role of dietary fats and cho¬ 
lesterol in the production of atherosclerosis may 
be related in part to nicotine. For example, it 
has been observed that a steady increase in coro¬ 
nary artery-, disease occurredi in Norway until 
1940, the time-of the German occupation. Dur¬ 
ing the occupation when the average dhiiy fat im 
take was reduced from the usual 159 grams to 71 . 
grams, tilery was essentially a corresponding de¬ 
crease in deaths , due to circulatory diseases. 
While the probable role of fats in the changing 
picture is not denied, it must also be considered 
that during this same period the tobacco con¬ 
sumption was at a relatively low level (16). 
A similar possibility exists in studies which have 
related the low fat intake of certain primitive so- 
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deties to reduction in cardiovascular disease (17). 
It is likely that here again the low fat diet is ac¬ 
companied by minimal tobacco consumption. 

The following work was designed as a pilot 
study to explore the possibility of a direct rela¬ 
tionship between nicotine and the plasma choles¬ 
terol level. Although the atherosclerotic hu¬ 
man does not necessarily have hypercholesteroh 
emia, individuals having evidence of coronary dis¬ 
ease as a group tend to have higher than normal 
serum cholesteroll levels (18, 19). Experiment¬ 
ally induced atherosclerosis of animals is usually 
preceded and (or) accompanied by hypercholes 1 
terolemia but can be induced by small doses of 
cholesterol producing minimal hypercholesterol¬ 
emia (20). 

This initial investigation is limited to the ex¬ 
amination of the role of nicotine in total plasma 
cholesterol and lipid phosphorus levels and to 
the factors which may be responsible for changes 
observed. 

EXPERIMENTAL 

Methods.—Male New Zealand white rabbits 
were used ini this study. The animal^ were six 
weeks of age at the beginning of the problem and 
wdghed between 2012 and 2333 grams. Group I, 
the untreated control, was fed Purina Rabbit Chow 
Checkers and water ad libitum. Group II, the cho¬ 
lesterol control, received the same diet except for the 
addition of 0.1% cholesterol to the feed 1 This was 
added! by dissolving the cholesterol in sufficient 
chlbroform' to uniformly moisten the pellets during 
thorough mixing. The chloroform was then re¬ 
moved by evaporation in a steam oven. It should 
be noted that 0.1% cholesterol in the diet is a smaller 
quantity than that usually administered. A 1% 
cholesterol diet is ordinarily considered to produce 
maximal hypercholesterolemia, but the 0.1% level 
was selected in order to be able to more readily ob¬ 
serve possible increases in the plasma cholesterol 
level. Group III, the nicotine control! received the 
control diet plus a measured amount of nicotine al¬ 
kaloid in the drinking water. The amount of nico¬ 
tine was calculated to supply a quantity of the alka- 
Ibid equivalent on a weight basis to the human con+- 
sumption of two packs of cigarettes daily. The 
average dhily water consumption per rabbit was 350 
ml. Four milligrams of nicotine per os has been 
reported to produce the same psychic effects as 
smoking one cigarette by a habitual smoker (21). 
Using 70 Kg. as the average adult human weight, 
the daily two pack rabbit equivalent is approxi¬ 
mately 2.28 mg./Kg. of nicotine alkalbid. This 
quantity was the final daily amount of nicotine in 
each 350 ml. drinking water of groups II and IV. 
All drinking containers were plastic. Group IV had 
the combined treatments of groups II and III; that 
is*.both cholesterol and nicotine. 

In order to reduce the possibility of acute nicotine 
toxicity, the production of tolerance was attempted 
by gradually increasing the size of the dose. For 
the first three dfiys the nicotine equivalent of 3.33 


"rabbit cigarettes" was given daily. This same 
quantity was added to the total daily intake at the 
end of each three-day period until at the end! of 
thirty-six days the full 40 "rabbit cigarette” equiv¬ 
alent! was being administered. The quantity of 
nicotine was adjusted throughout the experiment to 
correspond to the increase in body weight. 

Immediately prior to the initiation of the study., 
total plasma cholesterol and lipid phosphorus levels 
were determined for all animals. These were re¬ 
peated at intervals of four weeks for the twenty- 
week test period. Total plasma cholesterol was 
determined by a modification of the Bloor-Sacket 
method (22). Plasma lipid phosphorus levels were 
established by a modified Youngberg procedure (23). 

At the termination of the test period additional 
tests were conducted. A serum ascorbic acid 
analysis was made of each animal according to Lowry 
(24). The relative serum stability was determined 
according to a modification of the work of Ressler, 
et al. (25). Using their technique on hypercho- 
lesterolemic serum resulted in spectrophotometric 
readings too turbid to read. Since the results are 
simply comparative for the control and experimental 
groups, the following procedure was used which ap¬ 
peared to allow adequate light transmission. Two- 
tenths milliliter of 0.006 M zinc acetate soltition was 
added to 1.5 ml. of serum at thirty-second intervals 
until a total! of 1.8 ml. had been added. Two^ 
tenths milliliter of water was then added and readings 
were made at 510 mp with a zero stetting at 70% 
transmission. Readings were as low as 21% trans¬ 
mission, yet a number reached over 1110% and couldi 
not be considered as true numbers. A bromsulfa- 
lein test for liver function was conducted according 
to the usual procedure (26). 

When the preceding tests were completed the ani¬ 
mals were sacrificed and the aortas graded for gross 
atherosclerotic lesions by the method of Horlick 
and Katz (27). After grading, the aortas from the 
left carotid to the right renal artery were dried over 
potassium hydroxide, extracted as directed by Faber 
(28) and 1 the cholesterol determined by the same 
method as used in the plasma cholesterol determina¬ 
tions. Liver and body weights were also recorded. 

RESULTS AND DISCUSSION 

Table I and Fig. 1 show that the plasma choles¬ 
terol levels were approximately equal for all groups 
at the beginning of the experiment. While the 
cholesterol I levels of the nicotine and control groups 
theni fell slightly and remained relatively constant 
throughout the twenty weeks of the experiment, 
both the cholesterol and nicotine-cholesterol groups 
had an immediate increase in plhsma cholesterol at 
four weeks with leveling at the eight-week test. 
The nicotine-cholesterol group, however, had a fur¬ 
ther increase between the eight- and twelve-week 
periods with subsequent leveling. 

The amount of plksma lipid phosphorus was also 
approximately the same for all four groups at the 
onset as seen in Table I and Fig. 2, but the changes 
differed from those of the plasma cholesterol. The 
nicotine and control group levels showed a falling 
trendi while both the cholesterol and nicotine-choles¬ 
terol rabbits had a rise at four weeks with a fall in 
the levels of the cholesterol group after this test. 
The lipid phosphorus values of the nicotine-choles- 
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Table I:— Mean Total Cholesterol, Lipid Phosphorus and C/P Ratios of Rabbits* 


-Time in Weeks- 


Group 6 
I. Control 

Total Cholesterol 


8 


12 


io 


20 


zb S B. 

60.2 

dz 

1.7 

38.6 

db 

3.4 

34.7 

zb 

2.1 

34.1 

zb 5.7 

29.9 

dz 

3.6 

43.4 =b 5.7 


Lipid Phosphorus 
zbS.E. 

6:06 

zb 

0:33 

.. 

5.63 

zb 

0133 

Sl'. 

4.78 

zb 0.24 

2.94 

zb 

0.30 

3.25 zb 

0.28 

3.44 zb 0.23 

-V-/ 

C/P Ratio zb S.E. 

9.93 

db 

0:22 

6:86 

± 

0128 

7.27 

zb 

0.29 

11.6 

db 

Il 1: 

9.21 

zb 

0.69 

12.6 zb 1.3 


II. Cholesterol 

Total Cholesterol 
zb S.E. 

50:8 

=b 

5.5 

'h? , ' . 

119.7 

zb 

20:6 

89 L1 

zb 

1318 

97.5 

zb 

14.6 

98.8 

dz 

18.1 

100.4 db 18.9 


Lipid Phosphorus 
zb S.E. 

5.94 

zb 

0.51 

7.59 

=b 

0.67 

6.94 

zb 

0.73 

5.22 

zb 

0.63 

4.22 

dz 

0.3B 

4.56 zb 0:40 


C/P Ratio dz S. E. 

8.56 

± 

0.27 

15.7 

zb 

1.2 

13.6 

zb 

0.87 

18.7 

zb 

1.3 

23.4 

zb 

2.3 

22.3 dz .18 

. — . 

III. Nicotine 

Total Cholesterol 
db S. E. 

70.5 

dz 

5.1 

57 3 

zb 

6.2 

47.3 

zb 

6.7 

54.1 

db 

6.3 

58.2 

zb 

13.3 

47.6 dz 8.1 

* 

: Lipid Phosphorus 
db S. E. 

6.41 

db 

0.32 

5.41 

zb 

0.21 

6.19 

dz 

0.27 

4.75 

zb 

0:21 

5.25 

dz 

0.59 

4.19 zb 0.43 


C/P Ratio db S. E. 

11.2 

=b 

0.74 

10.9 

zb 

1.5 

10.8 

zb 

0.97 

12.2 

zb 

1.1 

lOil 

dz 

0.91 

9,29 zb 0.84 


IV. Nicotine + 
Cholesterol 

Total Cholesterol 
zb S. B. 

64.7 

=b 

3.9 

107.2 

zb 

15.1 

112.3 

db 

18.1 

195.3 

zb 

31.7 

194.7 =b 

27.6 

193.1 zb 32.8 


Lipide Phosphorus 
=fc S. El 

6.34 

zb 

0.36 

7.38 dz 

0.65 

7.19 

zb 

0.82 

7.13 

zb 

0l94 

7.44 

d: 

0.69 

8.38 dz 1.03 

"r 

C/P Ratio db Sv E. 

10.1 

zb 

0.32 

13.7 

zb 

0:92 

15.8 

zb 

2.1 

26:1 

db 

2.3 

25:1 

zb 

2.0 

22.1 dz 2 2 



• Total cholesterol and lipid phosphorus are expressed in mg. %. .... 

i Group I, ControlJ received stock diet; Group II. Cholesterol, 0.1% cholesterol in diet; Group III, 
nicotine daily in drinking water; and Group IV, Nidotine^Cholesterol, combined treatments of II and 


Nicotine, 2.28 mg./Kg. 
III. 


terol group remained relatively constant at the eight- 
and twelve^week periods but began to increase at 
sixteen weeks. 

Tbe total cholesterol/lipid phosphorus (C/P) 
ratio is thought by some to be a more sensitive index 
of atherogenic susceptibility than is the plasma cho¬ 
lesterol lbvel alone (29): Tible I and Fig, 3 show 
that the control and nicotine C/P ratios did vary 
appreciably but that they are raised in both the 
cholesterol and nicotine-cholesterol groups. While 
the nicotine-cholesterol combination produced a 
faster rise in the ratios than cholesterol alone, the 
ratios of both groups were approximately equal at 
twenty weeks. Standard errors are included for 
each group mean in Table I, but because of inherent 
wide variations in the cholesterol and lipid phospho¬ 
rus levels of rabbits (30) more sophisticated statisti¬ 
cal approaches were employed. The data were first 
analyzed for variance by the hierachic (31) and or¬ 
thogonal (32) methods. Since significant differences 
were obtained between groups in both analyses, the 
two procedures were combined into a regression 
comparison analysis (33) to determine if the shape 
of the curves differ significantly from one another. 

The F valhes and their significances are given in 
Tablfe II. The hierachic analysis of variance re¬ 
veals significant differences between groups for cho¬ 
lesterol, lipid phosphorus, and the C/P ratios and 
also between rabbits within groups for cholesterol 
and lipid phosphorus, but not for the C/P ratios. 
It may be concluded that there was an overall real 
difference between the group values although not 
necessarily for all groups at all times. 

The orthogonal analysis of variance also indicates 
significant differences between the groups and be¬ 
tween the periods for the lipid phosphorus and the 
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Figure 1. 
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Table II.—Analysis of Variance 


- Hierachic Orthogonal 
- “ P values F values 

Between groups ...... 

Cholesterol 24.5® 73.6® 

. Lipid! phosphorus 27.9® 28.0® 

C/P ratio 45.1® 88.1® 

Between rabbits within ~ .. ry (i _ . 
groups - ,. u ■ . :,i ■? : • V 

Cholesterol 3.16® 

Lipid phosphorus 3.02® 

. C/P ratio 1.09* 


Between periods 

; Cholesterol . . 1.72* 

Lipid phosphorus . . 8,19® 

C/P .. 28.61® 

Interaction • 

r Cholesterol .. 5.25“ 

Lipid phosphorus .. 3.92® 

4 > C/P ratio .. 8.43“ 


• p < o ooi. 

* Not significant. 



C/P ratios, but not between the periods for choles¬ 
terol. This is not to say that there are not signifi¬ 
cant differences between periods for cholesterol but 
only that the study as a whole shows no significant 
differences. This is clarified by the interaction be¬ 
tween periods (P) and rabbits (R) which is significant 
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and demonstrates that real differences do exist be¬ 
tween periods but not at all of the times. In other 
words, as can be seen in Fig. 1, the increases or de¬ 
creases in plasma cholesterol for all groups did not 
always proceed in the same direction at one time and 
there was an overall cancelling effect. Therefore in 
order to determine whether the nicotine-cholesterol 
: group, for example, had cholesterol values signifi¬ 
cantly different from those of the control! the test 
period would have to be specified. * ■ . . j 

Since both the hierachic and orthogonal analyses 
indicated significant differences between groups, the 
two procedures were combined into a regression 
comparison analysis (33) in order to show whether 
the shapes of the curves differed significantly for the 
four groups. The results of this analysis are listed 
in Table III. It can be seen that for several types 
of curves the differences are significant. This is 
especially true when they are compared as linear 
curves. 

From the data and its statistical evaluation it may 
be concluded that while the plasma cholesterol I level 
of the nicotine-cholesterol group was significantly 
increased by the administration of nicotine over that 
of the cholesterol group, the lipid phosphorus level of 
this group also increased. If the C/P ratio is used! 
as an inddx of atherogenic susceptibility the hyper- 
cholesterolemic effect of nicotine is at least partially 
compensated for by the increase in lipid phosphorus. 
In order to assess any atherogenic tendency of nico¬ 
tine it would therefore be necessary to determine the 
degree of pathological vascular involvement. 

The experiment was originally designed tfc> con¬ 
tinue for twenty-eight rather than the twenty weeks 
as shown in the figures and tables. During the 
last eight weeks a number of animals died in the con¬ 
trol, nicotine, and nicotine-cholesterol groups and 
while values were obtained with the survivors for 
two more periods they are not included in the data 
because little reliance could be placed upon the data 
from small groups. Nine animals were left in the 
control group, 12 in the cholesterol; five in the nico¬ 
tine, and four in the nicotine-cholesterol. 

At the end of twenty-eight weeks, tests for serum 
ascorbic acid, serum stability, and bromsulfalkin 
retention were made and the gross aortic lesions, 
ao* tic cholesterol; body and'liver weights determined 
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Table lilt—R egression Analysis of Variance 


Cholesterol 
F values 




| 


Type of 

§ 

2 

o 

M 

a 

8 

Curve 

o 

o 

Z, 

Linear 

Quad¬ 

18.6- 

9.38* 

16:0* 

8.21* 

ratic 

19.9® 

7.53* 

Cubic 

d 

8.42* 

d 

Quartic 

4 

5.27“ 

d 

Quintic 

d 

2.48' 

7.7,1® 


Lipid Phosphorus 
F values 


o 

v 2 

.5 tS 

0 

| 

, 2 

*► 1 tl u 

a a 

8| 

C 

H 

S 

o 

% ‘ XV z '% 

Zo 

O 

O 

A 

o 

■- V" X! 

Z Zu 

52.4- 

125:5* 

29.8* 

26.7* 8.13 

7.90* 

12.8* 

4.58* 

4 4 

d 

12.0* 

18.. 4* 

4 r'r. 4 

4 

1 .Sl d 

4 

d 4 

3.70 d 

6.11® 

4 

d 4 


8 

C/P Ratio 

F values 

1 . 

8 3 

.2 

V « 

5* 

a 

o 

8 

8 o 

ZO 

3 

JO 1 

O 

Z 

17.3* 

209.0* 

4 

122.1* 

19.4* 

24.8^ 

9.74* 

23.9® 

20.2® 

2.12' 

1.71* 

3 21* 

15.9* 

25.3* 

4 

4 

8.42* 

20i 1® 

9.85® 

7M> 


•■<0.05; » P<0J0I;; • P <0.00.11 

• Not significant. Where values are not given whole numbers were not obtained] 
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Table IV.— Mean Group Values of Terminal Determinations 




Serum 

Serum 

Aortic 

Btom- 





Ascorbic, 

Stability, 

Total, 

sulfalein 

Body 

Liver 



Acid 

% Trans- 

Cholesterol 

Retention, 

Weight, 

Weight, 

Group 


mg. % 

mission 

mg. % 

% 

, Gtn. 

Gin. 

Control * '■* 

-: :l *■ 

0.73 

101 

11.1 

2.2 

3910 

L 111 

Cholesterol u .*/ 

• r f 

0.81 

78 

1618 

6.7 ^ 

3490 

, .,111 

Nicotine » ^ : 


■ 0.76 

■".'■V 77 

30 L 6 

: * 411 

3561 

■113 

Nicotine-Cholesterol 


0.57 

96 

18.9 

5.6 

3435 

85 


on the remaining animals. These values are listed 
in Table IV. While they cannot be considered to be 
meaningful because of the reduced number of ani¬ 
mals, they are included for reference purposes. 
Simple analyses of variance were made for all these 
determinations but no significant differences could 
be demonstrated. The body weights are of: some 
interest as the nicotine-cholesterol group atfe the 
least and therefore gained the slowest. Rabbits 
generally develop more arterial lesions if they are 
well-fed and thriving than when they gain more 
slbwly (30). In this instance the low weight group 
had the highest plasma cholesterol lfevel. 

These tests were performed in an attempt to deter¬ 
mine the mechanism by which nicotine produced 
hypercholesterolemia. It was thought that the 
action of nicotine might be related to its effect on 
ascorbic acid as Bourquin (34) found that the level of 
ascorbic acid in whole blood! was lowered as a result 
of smoking. This observation coupled with the 
gross and often complete deficiency of ascorbic acid 
in the arteries of atherosclerotic humans at autopsy 
and the fact that scurvy in guinea pigs results in 
rapidly developing atherosclerosis (35) makes the 
relationship of potential significance. The role of 
ascorbic acid in atherosclerosis is possibly a function 
of its control of the synthesis of cholesterol from 
active acetate (36) and (or) its importance in general 
vascular health. Serum stability was studied be¬ 
cause of the observation by Ressler (25) that the 
serum of atherosclerotic individuals was relatively 
unstable, becoming turbid on the addition of certain 
metallic salts. Liver function was examined!because 
the liver is the principal organ for cholesterol syn¬ 
thesis, turnover, and excretion. In diseases of the 
liver various alterations of lipid metabolism occur 
with associated derrangements of plhsma lipidi pat¬ 
terns (37) i 

Gross examination of the aortas revealed plaques 
in five of the cholesterol! group, three of the nicotine 
group and one of the nicotine-cholesterol group. 
According to Katz's (27) system for the quantitative 
evaluation of atherosclerotic lesions they could be 
graded as class 1 and 2 involvement!. This was then 
minimal atherosclerosis. Once again the inadequate 
group sizes madfe comparison inadvisable. 

SUMMARY 

L Four groups of twelve rabbits per group 
were tested five times at four week intervals for 
total plasma cholesterol and plasma lipid phos¬ 
phorus. The groups consisted of a control, Qj1 % 
cholesterol diet, 2.28 mg t /Kg./day nicotine alka¬ 
loid in the drinking water, and combined choles¬ 
terol and nicotine. At twenty-eight weeks, stud¬ 


ies were made of serum ascorbic add, serum sta¬ 
bility, and bromsulfalein retention. Animals 
were sacrificed and the aortas were examined for 
gross lesions and their cholesterol content deter¬ 
mined. Terminal body and liver weights were 
also obtained. 

2. Tests of significance demonstrated! that the 
administration! of nicotine in addition! to a cho¬ 
lesterol-containing diet caused significant in¬ 
creases in plhsma cholesterol, lipid! phosphorus 
and the G/P ratio of rabbits. The importance of 
the nicotine enhancement of hypercholesterol¬ 
emia as an atherogenic stimulus may be negated 
by the concomitant rise in lipid phosphorus as 
reflected by the C/P ratios. 

3; Significant differences couldl not be demon¬ 
strated in the serum ascorbic add, serum stabil¬ 
ity, bromsulfalein retention, and aortic lesions 
possibly because of the mortality in some groups 
following the twenty-week period. 
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